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I7iTR0D0CTI01f 



The sphere gap has for many years been on accepted 
method for the measxirernent of high voltage at power frequen- 
cles' * ' and also for Impulse testing# It is not however, 
at present an accepted standard for the measurement of hi^ 
voltages at radio frequencies. This is largely due to the 
lack of published data on the spark-over values of sphere 
gaps in air at radio frequencies. There has been some work 
published in this field^^*^'^*^^, but the results are not 
altogether consistent and the spectrum of frequencies covered 
is far from coaplete. 

The purpose of this study is to evaluate the possibility 
of using sphere gaps for the measurenent of moderately high 
voltagee, - up to 20 kilovolts peak in the frequency 
range from 500 kilocycles to 15 megacycles. To accomplleh 
this, a peak-reading vacuum-tube voltmeter, with associated 
capacitance-divider, was constructed and calibrated, and em- 
ployed to determine the spark-over values of sphere gape in 
air at these frequencies. 

The results indicate that the sphere gap, if irradiated, 
nay be used for the measurement of voltages in the ranges of 
magnitude and frequency considered. Consistent results show 
a break-down strength for air, at theee freqtiencles, which is 
of that at power frequencies. This is in general 



(1,2) For numbered references see bibliography. 
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apre*n«nt with the soraewhat rneagre data that has been pub- 
lished, results are shown in the curves, 

pages 28 to 33* 

The possibility of using a rod gap was also investi- 
gated* These results are less encouraging, and are shown In 
the curves, pages 34 to 37* 

THE SF’rFRE GAP AS A VOLTAGE- 
MFASIJRIKG IHSTRUiaSNT 

Use of Sphere Gaos at Power Freouenclest 

The measurenient of very high voltages, at power fre- 
quencies, can be acconpllshed readily and with considerable 
accuracy by the use of sphere gaps. The Anserlcan Standards 
Association publication C 63,1 - 1942^^^, sponsored by the 
Aaerican Institute of Electrical Engineers, gives tabulated 
values of spark-over voltage In air, for spheres of various 
dianeters and spaclngs. Voltages up to 2,000 kilovolts peak 
are covered, A simple correction for air density must be 
made, because the dielectric strength of air Is a function 
of its density. Within the range of air densities normally 
encountered near sea level, this variation is practically 
linear. The tabulated spark-over voltages are for the 
standard density conditions corresponding to a barometric 
pressure of 760 rallliiseters of raercjjry and a temperature of 
25® Centigrade, According to this publication, no correc- 
tion need be made for humidity, although there is some pub- 
(7) 

llshed data indicating that humidity has a slight effect. 
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Th« axial field between spheres can be calculated 
and with a knowledge of the break-down strength of air, the 
•park-over voltage for spheres of arbitrary diameter and 
epecifled gap spacing can therefore be calcxilated* The 
agreement between calculated and observed values is quite 
good^®^, and enhances the use of sphere gaps for oeacuring 
voltage. It should be noted, however, that the sphere gap 
is a crest, or peak-reading device. 

The field Intensity along the axial line between the 
spheres is not uniform, being a naxlraura at the sphere sur- 
faces and a miniraum midway across the gap, Furthermore, if 
one sphere is grounded, which in practice is very often the 
case, the field intensity is soT3e«diat distorted, placing 
greatest stress at the surface of the ungrounded sphere. 
However, these effects are not serious if the gap spacing 
is small compared to the sphere diameter. It is customary 
to choose spheres of sufficiently large diameter to fulfill 
this condition. 

Although the gap spacing is quite critical in deterndn- 
Ing the spark-over voltage, the diameter of the spheres is 
not. For example, the 60-cycle crest voltages listed for a 
gap spacing of 1 cm, are 31,300 for 6.25 cm, spheres, and 
31,700 for 12,5 cm, spheres. 

The sphere-gap as a voltage-measuring device suffers 
the disadvantage that the breakdown of the gap imposes prac- 
tically a short clrcxiit on the voltage source being measured 
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For this r««aon It is ctwtomry to connect a fairly hi^ 
resistanoa in serlas with the gap* 

Theory of Spark-over; 

The generally accepted theory of the spark-over of a 
postulates that electrons ejcisting in the 
gap are attracted toward the anode, and if the field in- 
tensity is great enough, they acquire sufficient mnorgy dur- 
ing the traverse of a mean- free -path to ionize an atom on 
collision* This produces more electrons, and an avalanche 
is fo]*ffi6d, which is spear-headed towaivi the anode, and 
leaves in its trail a highly-ionized column of air* The 
velocity of this jarocess has bean studied by many investi- 
gators and found to be of the order of 10^ centime ters 

per second, which is greater than can be accounted for by 
the mobility of the electrons* Consequently it is believed 
that the ionized body of the avalanche emits ll^t photons, 

( 0 ) 

some of which cause ionization in advance of the avalanche, * 
Spark-over occurs when this actlwi completely bridges the ^p. 

Effects of Irradiation t 

“Hia Initiation of the spark-over lacckanlsm requires the 
existence of one or more electrons in the gap. There is 
therefore some uncertainty in the value of voltage at which 
a gap will spark over, unless the voltage is maintained for 
a reasonable time* In other words, there is an unpredictable 
time lag in the process* To reduce this uncertad.nty, it is 
often the practice to irradiate the sphere gap, using ultra- 
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violet ll^t. X-rays, or emissions from radio-active mater- 
ials. This guarantees a generous suoply of electrons in the 
gap, reduces the spark-over time lag, and Improves the con- 
sistency of the observed values of spark-over voltages. 

Irradiation generally lowers the spark-over values 

15 , 16 ) 

• At power frequency, irradiation is usually con- 
sidered necessary only for short gaps. 

Use of Sphere Gaos for High Frequencies: 

Some modification of practice and theory is needed when 
the sphere gap is used at high frequencies. In the first 
place, spheres of large diameter are xuisuitable because of 
the charging current they would draw prior to spark over. 

For example, even 6,25 centimeter spheres spaced 0,5 centi- 
meter apart wovdd draw several amperes charging current at 
10 megacycles with 10 Kv (nns) applied, IJence small spheres 
are practically necessary, and since sphere gaps cannot be 
employed with much reliability at gap spaclngs greater than 
the sphere diameter, it is evident that this limits their 
use, at high frequencies, to moderately high voltages. Also 
because of the appreciable charging currents, the use of 
high resistances in series with the will lead to inac- 
curacies. 

Secondly, irradiation is more necessary at high fre- 
quencies, At 10 megacyles, a sine wave attains 95^ or more 
of its crest value for only 10 second during each half- 
cycle, Hence time lags in the spark-over cotild lead to 
results much more erractlc than those at power frequencies. 
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Theoretlcal studies indicate that the ''avalanche" pic- 
ture of the dielectric breakdown of a gas will hold so long 

as the electrons encounter raany collisions per cycle of ap- 

( 21 ) 

plied voltage. But if the frequency and the gaseous 

pressure are such that the electrons experience many cycles 
of voltage between collisions, then a somewhat different 
theory of breakdown is postulated. The mlniraum dielectric 
strength of the gas occurs during transition from one situa- 
tion to the other; that is, when an electron would experience 
about one collision per cycle of applied voltages. This ralni- 
aum has been experimentally verified for gases at low press- 

(22 25) 

ures, using high frequency fields, * However, a rough 
calculation based on the classical value for the laean-fTee- 
path of an electron, indicates that for air at atmospheric 
pressure this minimum would occur at a frequency of the 
order of 10^^ cycles per second, (See Appendix A), Hence 
theoretical considerations of spark-over in air, at radio 
frequencies or even at ultra-high frequencies, may be based 
on the "avalanche" theory outlined above, 

FXP2RI5ENTAL TORK 
Th e Vacuum-Tube Voltraetert 

To test the performance of sphere gaps at high frequen- 
cies, it was first necessary to devise a suitable method for 
measuring accurately the voltages involved. For this pvurpose 
a vacuum-tube voltmeter vdth associated capacitance-divider 
was constructed. It is shown in the photograph on 



page 7, 
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CAPACITANCE-DIVIDER VACUUM-TUBE VOLTMETER 

In the lower view, one side of the shielding box 
is removed, to show inner cons true tiott* 
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and by the drawings on page 8, The schematic circuit appears 
on page 10, The capacitance-divider comprises Cj and Cg* Cj 
is an air capacitance formed between the high-voltage elec- 
trode and the small disc, which Is surrounded by a guard ring. 
The Value of is calculated from its dimensions to be 
0,093 F. Cp conai.sts of two small mica capacitors hav- 
ing nominal ratine of 5/AjjiP, and 20 connected 

in parallel, plus the capacitance to ground of Ihe disc and 
the necessary connections. The value of C 2 was measured and 
found to be 33/>yuP. , over a range of frequencies ft*om 500 
kilocycles to 15 laegacycles, is the capacitance formed 
the high voltage electrode and the guard ring. It is about 
5yt>yy.F, represents the distributed capacitance to 
ground of 5 feet of shielded cable. It measures 335/^/tF, 
is n 2000^^?, by-pass capacitor. 

The vacuum tube is a type 955 acorn tube, mith grid and 
plate connected together, to fora a diode rectifier, Rj con- 
sists of three miniature type resistors in series, each rated 
at 1 megohm. Those arc type MPM resistors, manufactured by 
International Resistance Co, for high-frequency receivers and 
similar applications. At 500 kilocycles, the susceptance of 
C 2 is about 300 times the conductance of Rj which parallels 
it, so the capacitance divider does not suffer frequency dis- 
tortion in the range of frequencies considered. Furthermore, 
the time constant of Rj^ C 2 is about 100 microseconds, per- 
mitting the voltage across C2, at 500 kilocycles, to average 
99^ of its peak value. Hence this capacitance-divider vacuum- 
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tube voltmeter should have a flat frequency response in the 
range of frequencies considered. This is borne out by the 
calibration date. 

is the resistance of the microammeter, pltis some 
wire-wound resistance vmits, and is 63,600 ohras, is a 
resistance of 40,100 ohms idilch can be shunted across the 
mlcroainraeter, thus increasing the range of the voltmeter by 
a factor of 2*62, The mlcroamnietor was originally a General 
Electric Co,, typo DP9, 0 to 3 voltmeter having 300,000 ohms 
resistance, }tost of the Internal resistance is removed, and 
it is used as a 0-10 raicroarameter. It has a scale length of 
4 inches, with an accuracy of l/Z$ of full scale. Pour 
1-1/2 volt flashllj^t cells are used for the vacuum-tube 
filament supply. 

Calibration of Voltmeter: 

Calibration of the voltmeter over a considerable range 
of frequencies, was accomplished by simultaneous readings 
of the voltmeter and of the current drawn by a guard-ring 
type cylindrical capacitor, when these were both connected 
to the high voltage source, A schematic diagram of this set- 
up appears on page 12, The cylindrical capacitor current 
was measured by a thermocouple and associated microammeter, 
previously calibrated on direct current. The direct c^^^rent 
calibration curve appears on page 13, The thermocouple is a 
western Electric Co. vacuvim type No, 5C having a ncrainal 
rating of 75 mllliamperes and a heater resistance of 5 ohms. 
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Its capacitance is about 2 /ty<P, turd Its inductance of the 
order of 0*05 microhenry. 

Two cylindrical capacitora were constructed. The second 
and larger one was built after the original one was found to 
bo Inadequate for voltages greater than 10 kilovolts peak, 

A photograph on page l6 shows these capacitors, and drawings 
of the larger one appear on page 17, For each capacitor, 
three Interchangeable lengths of guarded outer cylinder were 
made, so that a wide range of voltage and frequency could be 
covered, while keeping the thermocouple cxirrent within Its 
calibrated rangs. The resultant calibration of the capaci- 
tance-divider vacuam-tu>^ voltmeter appears on rwge 14* The 
calibration is quite linear, and showed no variation ’vith 
frequency in the range of frequencies, - 0*3 to 5 megacycles- 
over which it was calibrated. 

Since the ca]?acitor current read by means of the ther- 
mocouple is root-aean-square, while the voltmeter reads 
crest values, it was necessary to check the wave form dxaring 
calibration. This was done by testing for harmonic content, 
using a General Radio Co* Precision ';^avemeter t:ype 724-A* 

The thermocouple and cylindrical capacitor are not 
suitable for testing the sphere gaps directly, for several 
reasons, Tne first reason is that it is not a peak-reading 
arrangement, as is the vaouuis-tubo voltmeter. Secondly, 
the thermocouple cuirent is proportional to frequency, so 
that the arrangeaisnt wooild have a different meter scale for 
each frequency. Thirdly, the meter scale is not linear. 
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CYLINDRICAL CAPACITORS, THE SMALLER ONE IS SHOWN DISASSEMBLED 
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whereas the vacuua-tube voltnatsr is. And finally, the 
thernocouple has a considerable time lag* 

Source of Test Volt-age : 

Two Kavy-typs radio transmitters cei’ved as the source 
of test voltages. One was rated 1000 watts C,7T, from 300 
kilocycles to 2000 kilocycles, and the other was rated 500 
watts C,W, froM 2 megacycles to 18 megacycles. These are 
master-oscillator, power-amplifier type transmitters. The 
high voltages were obtained hy using a series-resonant cir- 
cuit as load, A schematic diagram appears on pig© 19, and 
a photograph of the test set-up on page 20. Suitable coils 
were constructed, using No, 10 double-cotton-covered wire 
for the lower frequencies, and l/4 inch copper tubing for 
the higher frequencies. The capacitances were simple discs 
of suitable sizes, set at variable distance above the ground 
plcne. At the higher iYequencles, the capacitance of the 
voltmeter plus the sphere gap or the cylindrical capacitor, 
was sufficient to achieve resonance. 



The Sphere Gaps t 

Two sphere gaps were used. TIjq larger had brass spheres 
6.25 cm. in diameter, and was made by General Electric Co. 

The smaller was constructed for this stmly, using Ixrass 
spheres 2 cm, in diameter. Specifications of the American 
Standards Association^^ ^ wore followed. In addition, the 
support for the shank of the upper, unbounded sphere was 
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inade of polystyrtne. In all tests the spheres were mounted 
in a vertical position, with the lower sphere grounded* 

A rod gap also was constrxicted following specifications 
set forth by the American Standards Association Brass 
rods, 1/2 inch square and cut off squarely, fora the two 
electrodes. Corners were not rounded off, but burr was re- 
moved* 

Source of Irradiation: 

A simple source of irradiation was chosen. This was a 
Westlnghouse Co. type RS sunlamp, rated 110 volts, 275 watts, 
which fits into a standard lamp socket. It is a mercmy-arc 
type, with a bulb of special glass which passes considerable 
ultra-violet light. It was found to be adequate for the 
purposes of this stixiy. 

Testing Procedure 8 

The following procedure was used to obtain the test 
data* A selected frequency was set up in the transmitter, 
and a suitable coll and capacitance arrangement was found 
which would provide a series-resonant load. The capacitance 
included the sphere gap and the voltmeter in parallel. With- 
in the transmitter are an antenna loading coll and a coupling 
condenser which permitted a smooth final ad,^ustment for reso- 
nance, The sphere gap was then set at a fixed gap value, de- 
termined by means of a feeler gauge, and the plate voltage on 
the final stage of the transmitter was Increased until a pre- 
liminary spark-over occurred. Then with this voltage cut off. 
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the load was de>tuned slightly by means of either the antenna 
loading coil or the coupling capacitor, so that when plate 
voltage was rc-applled to the output stage, the resultant 
voltage across the sphere gap was about 90$ of spark-over 
value. This voltage was slowly increased by restoring the 
resonance through gradual nanlpfulatlon of the antenna loading 
coil or coupling capacitor. The transmitter was cut off 
manually as soon as spark-over occuiTed, to avoid bunilng or 
pitting the spheres. Five such readings were taken. The 
ultra-violet light was then turned on and five more readings 
obtained with the epheres irradiated, Finally the sphere-gap 
setting was reohecked, before resetting to a new gap value. 
Atmospheric pressure was read ft"om a mercury-column 
barometer. Temperature and htaddlty were recorded fr«a a 
wet and dry bulb thermometer. 

Cleaning the spheres with crocus cloth, carbon tetra- 
chloride, and soft cloth seemed to produce no effect on the 
results. Consequently, a great many spark-overs were re- 
corded before stopping to clean the spheres, 

EXPERISCOTAL RESULTS 

Eie restilts of this study are presented in the fora of 
curves, on pages 2B to 40, The original data are tabulated 
in Appendix B, For purposes of comparison, the spark-over 
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(17) 

valu«8 for lrradiat«d 2-cin spheres at 50 cycles , together 
with the values found for Irradiated spheres at the ftrequen- 
cles used In this Investigation, are plotted on page 33 « 
Wherevor the scattering of the data la significant, the In- 
dividual observations are plotted. Otherwise each point 
represents the average of five or more observations. 



DISCUSSION OP RESULTS 

The most noteworthy feature of the results Is their 
consistency, particularly over such a wide range of frequen- 
cies. The consistency of Individual observations, for a 
given gap setting and frequency, is also reisarkable when the 
gap is Irradiated. When the spheres are not irradiated, this 
consistency Is not as good, and the readings ore generally 
somewhat higher. This Is In agreement with the results of 
other Investigators, (4,7,13,14,15,16) 

For very small gape. If the frequency was not too high, 
the spark-over voltage seemed to coincide with that for power 
frequency. Then as the gap length was increased, there was 
a semi-abrupt transition to the lower spark-over values that 
are characteristic of the high frequencies. This effect is 
most clearly shown in the curves of spark-over voltages vs, 
frequency tar fixed values of gap setting, page 38. 

A possible theory to account for this 1s presented. A 
sinusoidal voltage having crest value slightly less than 
spark-over value, during its peak nay form incipient breadc- 
down streamers of ionized air part way across the gap. 
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Ciirlng the reminder of the halfocycle, these ions irill be 
attracted toward the sphere surfaces, and if the cycle is not 
too brief, or the distance to be travelled not too long, ef- 
fective de-ioniaation of the gap will take place before the 
next voltage peak occiars,* At power frequency, this takes 
place for any gap of reasonable length* And if this theory 
is correct, the experimental results of this study indicate 
that this de-lonlsatlon takes place for example, at 300 kilo- 
cycles for a gap length of 1 ndlllmeter, but does not take 
place if the gap is 2 raiUiraeters, IVon this, a rough calcu- 
lation gives a figure for ion nobility of about 3 cVsec/volt/ 
cm, (See Appendix A), This is in good agreement with the 
value 3-4 ca/sec/volt/cm derived recently by another in- 
vestlgator ' firom probe measurements of 60-cycle corona* 
Another featture of the curves of spark-over voltage vs. 
frequency, for various fixed gap lengths, page 38, is the ap- 
pearance of definite minima* These minima are functions of 
gap length and frequency, as is most clearly shown by the 
curve on page 39, where the reciprocal of the frequency at 
which the minimum occurs for a fixed gap length, is plotted 
against gap length* The nearly linear form of this curve 
suggests that the product gf^ is relatively constant, where 
g is gap length and is the frequency at which the ndnlmum 
occurs* The product gf^, over the range of gaps flrom 0,77 
millimeters to 6 millimeters, is found to be (4 - 0*5) xlO^, 

. ^“nils theory is essentially the sane as that jwoposed by 
P 1 jiV 20 ;, studied gape of less than 1 millimeter, at fi^i- 
quencies from 100 to 300 megacycles* 
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where f,g is in cycles per second, end g is In centinwtera • 

To account for these mlniiaa, the possibility of ionic 
oscillations was considered. Such oscillations, at frequcn- 
cies of the same order of magnitude as these minima, (about 
1 iMgacycle) have been repojrted in 'tiie study of the plasma of 
low-pressure gaseous dlscharges^^^^. Their velocity of 
propagation v can be calculated theoretically froa v 
where k is the Boltzmann constant, T is the electron tem- 
perature, and M is the mass of an iai* (For nitrogen, 

M s 23*27 X lO”^ grams)* Assuming T to be about 30,000 de- 

5 

grass absolute, gives a velocity of propagation v s 4.2x10 
centimeters per second* How on page 38* the curve for a 6- 
taillineter gap shows a minimum at about 550 kilocycles 
(point A)* Assvunlng an ionio oscillation to exist, and its 
wavelength to be twice the gap length, a velocity of propaga- 
tion of 6.6 X 10^ centimeters per second is calculated* This 
is in fair agraemsnt with that calculated fj^om the theory* 

A resonance between the frequency of applied field and 
ionic oscillations could serve to lower the breakdown voltage 
of the gap, because at resonance the ionic oscillations would 
be enhanced, and additional energy would be supplied to the 
gap by the applied voltage* An increase of ionization, and 
lowered break-down strength would logically result* 

In the curves, page 38, there ie also some evidence of 
a second set of minima to be expected at much higher fi*equon- 
cies than those used in this investigation* These cculd be 
associated with a resonance effect involving electronic 



^ i rm 

•t 



»< 






«4 ^ 



•• 



)» MBAft) «6# i|,fe 







>A* 







0 »4 t • 

) mdi 



SB 



«4 « 



U* »*«aaMi 

h ^OIb ti,^ » • 



-M • wi ^ 



>•% 



^1* 






U AMvt> 



tBMkir 













•• . 



«•! 




ti 



•' 



uX 



«» I 













*>&*<» 



- 26 - 



oscillatlons, Th« ratio of tha Taaas of a rdtrogan Ion to 
that of an electron Is about 26000 to 1« Assuming the 
resonant frequency to Tary Inversely as the square root of 
the mass, a seccsid tnlnintuni might therefore be expected at 
a fjrequoncy 160 times that which has been ascribed to ionic 
oscillations. The conjectm'ed appearance of such a minimum 
at about 10^ cycles per second (point B), has been sketched 
in a dotted extrapolation of the curve on page 38, for the 
case of a gap length of 6 rallliraeters, FJlectronlc oscilla- 
tions having frequencies of this order of magnitude have 
been found in studies of the plasma of gaseous discharges 
The sphere-gap results are in general agreement with 
previous studies, particularly those of £kstrand^^\ who made 
testa with 2-cm, irradiated sj^eres at 700 kilocycles and 

1800 kilocycles, Seward and Alford and Ficlcles^^^ report 

(5) 

values about 15 % hi^er, and Heukeaa values about 5 % 
lower than those of this Investigation, for corresponding 
frequencies. These differences may be due to the lack of 
irradiation, and to the use of a different intensity of 
irradiation, respectively, because apparently spark-over val\ie 
does decrease somewhat with increased intensity of irradiation, 
(13,14,15,16) During this investigation, the ultra-violet 
lie^t was maintained at a distance of 10 cm, from the gap, 
for tho sake of uniformity. However, moving the lamp 
closer seemed to produce no measurable difference in the 
spark-over values. 
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The rod gap eas Investigated, because it appears in the 
Araerican Standards Association publication Its aae at 
these high frequencies does not seem to offer a great proaise* 
For very small gap settings the results tend to be erratic, 
while for gaps much over 2 cm*, corresponding to about 14 
kilovolts peak, there was an unpredictable tendency for a 
flamelike discharge to strike from any one of the sharp 
cornera of the upper electrode. This discharge would not 
strike to the lower, grounded electrode, but would extend 
out into space, more or less like corona. About the only 
feature in favor of the rod gap is its ease of construction. 

On page 40 there is presented in graphical fcara a survey 
of published test results on the dielectric strength of air, 
covering a broad range of frequencies, The results of this 
report are included, for comparison. The various investiga- 
tions were conducted vinder widely different conditicsis, so 
that not all are subject to direct comparison. In compiling 
this sujrvey, the values corresponding to irradiated spheres 
with a gap spacing of 0,5 cm, were chosen idierevcr possible,'*^ 
This survey indicates that over a wide spectrum of frequen- 
clee, the dielectric strength of air does not vary a great 
deal, 

* In computing the dielectric strength of air at high fre- 
quencies, from the spark-over voltages of the various sphere 
gaps, the correction factor set forth by Peek, (2, page 2S) 
was not used, because the results of this report, and a study 
of the available published data, indicate that this correc- 
tion factor does not apply at high frequencies, for the 
sphere sizes aal gap lengths considered. 
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CONCLUSIONS 

The use of sphere gaps for the measurement of moderately 
hij^i voltages at high frequencies, has been Investigated and 
found to be quite practical In the ranges of frequency and 
voltage considered. In fact, a small spliere-gap, with con- 
trolled Irradiation, Is shown to be an accurate and extremely 
simple method for measuring these voltages. Data are pre- 
sented for frequencies from 300 kilocycles to 12,5 megacy- 
cles, and for voltages up to about 20 kilovolts peak. The 
results overlap and are In general agreement with data which 
have been published in the lower part of this frequency 
range, - up to 1,8 megacycles -, and considerably extend 
this range Into frequencies regarding which no comparable 
data are available. 

In the course of the Investigation, It was noted that 
the decrease of breakdown voltage with frequency was not a 
smooth function, but was more in the nature of a transition 
from one valtie for lower frequencies to a reduced value for 
higher frequencies, A theoretical consideration of this ef- 
fect appears in the discuseion of results, and an apparcocl- 
mate value of Ion mobility Is deduced, baaed on the theory 
proposed and the observed data. The value of ion mobility 
is in good agreement with other published figures. 

Definite minima were observed irtien spark-over voltages 
for fixed gap lengths were plotted against frequency. These 
are ascribed to Ionic oscillation, and calculations are set 
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forth which serve to substantiate this theory. It is noted 
that the frequencies of these nilnlna lie In the sa?«e range 
as published values for Ionic resonance flpequencles detected 
In the plasm of gaseous discharges. 

The probability of a second set of minim, at frequen- 
cies much higher than those used in this study, Is noted fJroa 
the plotted results. It is suggested that these hl^er- 
frequency minim my bo related to electronic oaclllatlcns. 
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APPENDIX A 



1* Calculation of Optirara Breakdown Frequency for Air at 
Atmospheric Preasure, 

The force on an electron in an alternating 
field la F 2 ® S sin co t, 
where F is the force in dynes | 

e is the electronic charge, in e.s.u.; 

B is the peak value of the field strength in otat- 
▼olta per centimeter; 

tO is the frequency in radians per second and 
t is time in seconds. 

The electron acceleration will be a - »riicre n is 
its Bass in grams. 

Taking E to be 90 statvolts per centimeter, which is 

slightly lower than the breakdown value for atmospheric air, 

and subctltuting well known values for e and m, gives 

a r 4.77 x 1(P-^ sinu>t (cra/sec^,) 

Now velocity v r fadt - - L.Tl x 10^^ coacot (cin/sec) 

J u> 

and displacement d s fv dt - •* 4,77 x 10^^ co t (cm, ) 

maximum displacement occurs for sinwt r -1, so the naxiaum 

displacement is 4.77 x 10^*^ (cm), 

to^ 

Now the mean-free path of an electron in atmospheric 

air is approoclmately 5 x 10”^ centimeters, liquating this to 

19 —5 

the displacement calcvilated above gives 4.77 x 10 - 5x10 (cm) 

10 ^ 
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Hence (aJ^ z 10^ (approxlmtely) 

12 

Or (jQs 10 radians per eecond* 

or frequency z ^ s 10 cycles per second (approxlraately) 

27T"" 

This represents the order of 'sagnitude of the frequency 
for optianrn breakdown; or in other words, the frequency at 
which the dielectric strength of ataosphoric air would be a 
minioua* 

2» Calculation of Ion ?fobility. 

The drift velocity v of an ion in b gas, under the in- 
fluence of an applied electric field X, is usually taken to 
be v r KX, where k is the ion mobility, expressed in 
centiaeters-per-second per volts-per centimeter. Assuming 
that ions are formed at the peak of an impressed sinusoidal 
field, their subsequent velocity would then be 
V p k E cosujt, idiere E le the peak field strength and is 
2 TT times the frequency* During the next q\iarter-cycle , 
until the field diminishes to zero, the ion will move a dls- 

tancs X r (2 

o<J V dt 



Or, X 
hence 




It 

2 k E cosu/t dt 



= r ..,, ^71 

E E 



k E centimeters 



Now from the curves on page it can be concluded that 
for a 1-railliraeter gap, tlie ions were able to reach the surface 
of the electrode for frequencies below about 300 kilocycles. 
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Assuialng that the ions nust traverse nprrcociraately half the 
total gap, X Is then 0.05 centimeter* Using for E a value 
of 30,000 volts per centimeter, which is approximately the 
spark-over level, gives 

k s 2 7T X 3 X 10^ X 0.05 s 3 cm/aec/volt/cm (approximately) 
30,000 
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TTSTo on 6,25 -CE. SrilFR^S AT 30?i KILOCYCL’:S 



)3aroB«t«r 75*10 


CIS, to'T.peratur® 25*^. 




.SF/IRK- O’/EH 


VOLTAGE 


GAP LEMGTH 


(Peak Volts, 


corrected) 


nilllimotere ) 


Not Irradiated 


Irradiated 


6.25 


18260 


17800 


n 


18130 


18000 


H 


17920 


18100 


It 


17920 


18000 


N 


18350 


18100 


5.37 


15400 


14800 


n 


15300 


15000 


It 


15400 


15100 


81 


15300 


15000 


ft 


15400 


15000 


4.83 


13700 


13600 


ft 


13700 


13700 


t» 


13800 


13600 


tl 


13700 


13600 


. W 


13600 


13600 


4.01 


32200 


11800 


ft 


12200 


11800 


n 


12300 


11700 


n 


12100 


11800 


M 


12200 


11800 


3.04 


9850 


9500 


n 


9730 


9450 


ft 


9560 


9450 


It 


9730 


9450 


It 


9770 


9450 


2.2B 


7880 


8000 


n 


8130 


7900 


If 


8210 


7900 


tt 


3530 


7900 


ft 


8000 


7900 


1*63 


7030 


6480 


II 


6750 


6480 


tl 


6880 


6400 


tl 


7000 


6480 


It 


6960 


6480 


0^86 


4300 


3900 


ff 


4250 


3900 


II 


4330 


3850 


ft 


4220 


3900 


It 


4330 


3900 
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TESTS OH 2-cm. SPFRR'^S AT 308 KILOCYCLT-S 



Baroa«t«r 75«93 

GAP LEMGTH 
(lallllweters) 

6.32 

tl 

ft 

II 

n 

5.73 

It 

» 

W 

II 

4^72 

It 

It 

ft 

4^07 

u 

It 

ft 

ft 

3.56 

!♦ 

ft 

tt 

tl 

2.35 

fr 

tt 

« 

ft 

1.82 

n 

n 

n 

n 



f Temperature 24°C, 



SPARK-CVER VOLTAGE 

(Peak Volta, corroeted) 
Not irradiated Irradiated 



17800 


17500 


17800 


17400 


18000 


17400 


18200 


17500 


18100 


17400 


16300 


16100 


16400 


16100 


16300 


16100 


16300 


16100 


16600 


16100 


13600 


13400 


13800 


13400 


13800 


13400 


13800 


13300 


13800 


13300 


11900 


11900 


11900 


' 11900 


11900 


11900 


11900 


11900 


12100 


19000 


11000 


10800 


10900 


10600 


11200 


10700 


11000 


10700 


11000 , 


10700 


8430 


8150 


8500 


8200 


'8750 


8200 


8750 


8150 


8750 


8100 


7620 


7100 


7820 


6900 


7500 


6900 


7300 


7000 


7500 


7000 



liili lliii iiiii ilili HiH him mil iriit 




-49- 



TESTS OS 2-en. SFHFRF5 AT 308 KIL0CYCLF5 
(Cent *d) 



SPARK-C’/ER VOLTAGB 



GAP LENGTH 


(Peak Volta, 


Corrected ) 


(lailliffiffters) 


Net irradiated 


Irradiated 


1.12 


5900 


4800 




4900 


4800 


It 


5400 


4750 


It 


5200 


4700 


tt 


5300 


4700 




6900 


6500 


n 


6700 


6470 


H 


7000 


6470 


n 


7050 


6470 


n 


7100 


6440 
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T2ST3 ON 6.25 SFRnEvS AT 750 KII.OCYCLKS 



Baroaster 75*00 C3, , Tenperatur* 27®C, 



SFARK-0W.R VOI.TAGE 

GAF IZNCm (Peak Volts, corrected) 

(Milliiwtara ) Not Inradiatad Irradiatad 



6.45 


17900 


17800 


V 


17900 


17S00 


tl 


18200 


17300 


ft 


18000 


17S00 


II 


17850 


17900 


4.31 


13700 


13600 


If 


13700 


13540 


R 


13700 


13540 


n 


13700 


13340 


IT 


13600 


13540 


3.49 


10300 


10200 


n 


10500 


10150 


n 


10500 


10220 


n 


10300 


10220 


N 


10300 


10220 


2.48 


7700 


7600 


M 


8000 


7700 


H 


8100 


7750 


n 


8000 


7700 


n 


8160 


7700 


2.03 


6800 


6700 


N 


7000 


6650 




7050 


6650 


tt 


7100 


6650 


R 


7050 


6650 


1.63 


6000 


5750 


R 


6000 


5700 


n 


6000 


5700 


ft 


5900 


5650 


n 


5950 


5650 


1.07 


4640 


4500 


If 


4600 


U50 


u 


4760 


4450 


n 


4960 


U50 


« 


4960 


4450 
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TEST Off 2-ca, SPHWS AT 750 KILOCYCLES 
Baroswt«r 74*93 ca», Tempera tur« 27°C, 



SPARX-OVER VOLTAGE 

GAP LENGTH (Peak Volts, corrected) 

{Milli:aeters) Not Irradiated Irradiated 



6e45 


17900 


17600 


ft 


18300 


17600 


ft 


17900 


17600 


ft 


17900 


17700 


II 


18300 


17700 


4^32 


14500 


13400 


H 


UlOO 


13300 


ft 


13600 


13500 


ft 


14000 


13400 


tl 


13600 


13400 


3e50 


11100 


10400 


It 


11200 


10200 


n 


10800 


10300 


ft 


11009 


10300 


ft 


11200 


10300 


2e50 


8300 


7800 


ft 


8600 


7760 


ft 


8600 


7760 


II 


8750 


7700 


tl 


8750 


7760 


1.64 


5820 


5650 


ft 


5950 


5600 


ft 


6760 


5670 


ft 


6.iS0 


5670 


ft 


6480 


5670 


1.10 


4820 


4650 


ft 


4980 


4650 


tl 


4980 


4650 


ft 


4900 


4650 


tl 


5150 


4650 
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TESTS OK 6,25-cra. SFHERl’lS AT 2088 KILOCYCLES 
Baroaeter 76,20 cj»,, T®njp«ratur® 28®C. 



SPARK-OVER VOLTAGE 

GAP LEKGTH (F9»Jc Volts, Corrected) 

(iiilliiaeters) Not irradiated, Irradiated 



5.93 


17650 


16SC0 


n 


16600 


17000 


n 


17100 


16800 


ft 


17000 


16800 


ti 


17000 


17000 


4^83 


14000 


14000 


H 


13700 


13700 


ft 


14000 


13800 


!l 


13500 


14000 


» 


13600 


13900 


3*30 


11100 


11400 


ft t 


11100 


11300 


It 


11200 


lUOO 


ft 


11200 


13200 


n 


11200 


11300 




8800 


8460 


u 


8600 


8460 


u 


8600 


S570 


tl 


8550 


8570 


fl 


8400 


8500 


1*62 


5220 


5250 


If 


5220 


5200 


tl 


5300 


5150 


w 


5300 


5200 


n 


5260 


5200 


i.n 


4280 


3950 


tt 


4030 


3900 


It 


4030 


3950 


ft 


4030 


3950 


n 


4030 


3900 



u 



•U9 
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TESTS ON 2-cni, SPHERES AT 2088 KILOCYCLES 
Baroaetar 76,94 ca, , Teaperatiar® 25°C, 



SPA?iK-OVEH VOLTAGE 

GAP LENGTH (Peak Volts, corrected) 

(yilliaetera) Not irradiated Irradiated 



6a00 


16900 


17100 


n 


17250 


17200 


n 


17150 


16900 


ff 


17250 


17000 


ft 


17150 


17100 


4^42 


13000 


12800 


w 


12800 


13000 


n 


13100 


13100 


n 


12900 


13200 


1} 


13000 


13100 


3.77 


11050 


11000 


tf 


11250 


11000 


ft 


11250 


11100 


It 


11360 


11100 


ft 


11360 


11200 


2^72 


8500 


8450 


tt 


8470 


8330 


It 


8550 


S380 


ft 


8650 


S380 


n 


8470 


S3S0 


1.63 


5250 


5300 


«f 


5250 


5300 


Tt 


5360 


5300 


?l 


5400 


5350 


It 


5400 


5450 


0^64 


3550 


2970 


ft 


3350 


2970 


u 


3150 


3000 


u 


3550 


2970 


tt 


3150 


2970 
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TESTS OM 2-cm, SPHERES AT 4873 KILOCYCLES 
Baroactcr 76.15 cm., Te®p«ratur« 27 



SPARK-OVEH VOLTAGE 



GAP LENGTH 


(Peaik Volts, 


corrected) 


(Xiniaetsrs) 


Not Irradiatod 


Irradiet 


6,45 


18300 


18300 


H 


18400 


18100 


tl 


/ 18500 


18000 


» 


18400 


18100 


If 


18300 


18200 


4.83 


14150 


14200 


II 


14250 


14100 


tt 


14150 


14200 


If 


14450 


14100 




14350 


14100 


3.43 


10800 


10600 


If 


10800 


10500 


n 


10800 


10500 


It 


10700 


10500 


ft 


10700 


10500 


2.49 


7800 


7700 


If 


7760 


7700 


» 


7760 


7650 


If 


7760 


7650 


N 


7760 


7700 


1.53 


5160 


5020 


n 


5080 


5020 


If 


5210 


4980 


M 


5450 


4980 


ft 


5250 


4980 



cm T* 



.y* 



m 
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eacir 


9UI 
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MT 


wrrr 


Mi 


•frP 






Mi 
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Mi 


ilHB 



^tmzx Ul 

ia>MtmltX»\ 

U.i 

H 



or^ 

c^c 

t 

# 



i^.s 

9 



(f.r 

9 

9 



-55' 



TESTS ON 2-cra, SPHERES AT 6015 KILOCyCLES 
Barometer 77.20 cm,. Temperature 28®C, 



SPilRK-OVER VOLTAGE 



OAP LEKQTO 


(Peak Volts, 


corrected) 


(Millimeters) 


Hot irradiated 


Irradiated 


4as 


12500 


12400 


fi 


12500 


12500 


ft 


12500 


12500 


ti 


12400 


12500 


ft 


12500 


12500 


3.06 


9350 


9500 


If 


9570 


9600 


tt 


9350 


9600 


ft 


9350 


9500 


II 


9460 


9600 


2ao 


6860 


6800 


II 


6860 


6800 


If 


6830 


6740 


It 


6900 


6800 


It 


6860 


6800 


1.13 


4180 


4000 


ft 


4180 


4000 


It 


4060 


4000 


ft 


4100 


3960 


ft 


4100 


4000 
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TESTS cm 2-cm, SPHERES AT 12500 KILOCYCLES 
BaroM«t«r 75*96 ca., Teapcratur® 28®C» 



SPARK-OVER VOLTAGE 



GAP li^NGTH 


(Peak Volts, 


corrected) 


(Milline t«r«) 


Mot Irradiated 


Irradiated 


6*47 


18000 


17800 


n 


18200 


17800 


II 


18200 


17800 


II 


18100 


17800 


If 


17800 


17800 


4*83 


14150 


13950 


M 


13700 


13950 


H 


13900 


13850 


n 


13900 


13850 


ft 


14150 


13950 


3^52 


10700 


10750 


ft 


10700 


10750 


n 


10700 


10750 


n 


10800 


10750 


If 


10900 


10750 


2*50 


8240 


8050 


If 


8360 


8150 


n 


8360 


8050 


II 


8330 


8050 


n 


8240 


8150 


ia2 


4030 


4050 


ft 


4120 


4000 


If 


4130 


4050 


If 


4160 


4000 


II 


4120 


4050 
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Ti:STS OK 2-Cffl. SPHERES (IRRADIATED) 
Baronet«r 76,20 cm,, Temperature 25®C, 
GAP LENGTH 0,50 Millimeters 





SPARK -OVER 




SPARK-OVER 




VOLTAGE 




VOLTAGE 


PREQUENCT 


(CORRECTED 


FREQUENCY 


(CORRECTED) 


2088 KC 


2600 


300 KC 


2600 


n 


2640 


ft 


2600 


m 


2600 


ft 


2600 


» 


2600 


ft 


2600 


If 


2600 


If 


2600 


2 847 KC 


2500 


750 KC 


2650 


ti 


2500 


ft 


2650 


ft 


2500 


tt 


2600 


ft 


2500 


n 


2600 


ft 


2500 


n 


2600 



3550 KG 2350 

" 2400 

» 2400 

" 2400 

" - 2350 

4873 KC 2250 

" 2250 

" 2300 

•• 2300 

*• 2350 

8015 KC 2250 

" 2200 

« 2200 

" 2200 

• 2150 

12500 KC 2100 

" 2100 
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tests ON 2-ca, SriKRSS (I'JJUDIATED) 



B«ro«et«r 75*97 cm*. Temperature 27°C* 



GAP LENGTH 0,77 UlllliMter 



FREQUENCY 


SPARK-OVER 

VOLTAGE 

(CORRECTED 


300 KC 


3600 


ft 


3550 


ft 


3550 


ft 


3550 


ft 


3550 


500 KC 


3550 


II 


3600 


H 


3550 


•f 


3550 


II 


3600 


750 KC 


3500 


ft 


3500 


ft 


3500 


If 


3500 


If 


3500 


2000 KC 


3200 


ft 


3200 


ft 


3200 


ft 


3200 


H 


3200 



GAP LFNGTH 1.60 mllll»eter 



i^EQUENCY 


SPARK-OVER 

VOLTAGE 

(CORRECTED) 


300 KC 


6400 


n 


6400 


400 KC 


6300 


n 


6300 


500 KC 


6300 


II 


6250 


ft 


6200 


II 


6250 


It 


6200 


1000 KC 


5500 


n 


5500 


ft 


5500 


ft 


5500 


II 


5450 


2000 KC 


5300 


ft 


5150 


It 


5200 


ft 


5150 


II 


5150 
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IESTS ON ROD GAP AT 2068 KILOCYCLES 
Barcnwtcr 76.20 ca. , Tcaperatiira 28°G. 



SPARK-OVER VOLTAGE 

GAP LENGTH (Paak Volta, corractad) 

(Killlaatara) Not Irradiatad. Irradiated 



25.00 


19000 


14600 


n 


16300 


14600 


ft 


17300 


14500 


It 


16500 


14800 


N 


16900 


14700 


19.20 


15000 


13700 


n 


U750 


13900 


n 


15700 


13900 


It 


15100 


13900 


ft 


15500 


13900 


14.37 


13900 


12400 


n 


15300 


12400 


ft 


15000 


12500 


ft 


13700 


12500 


tf 


U300 


12600 


9.54 


12300 


11000 


It 


11900 


11100 


fi 


13000 


11000 


n 


12500 


11100 


ti 


12600 


11000 


4.83 


7800 


8400 


ft 


8500 


8500 


ft 


9020 


8500 


n 


9430 


8500 


If 


9210 


8450 


2.50 


5330 


5900 


ft 


5940 


5950 


n 


6060 


5900 


It 


6350 


5900 


It 


6380 


5800 
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TESTS ON HOD GAP AT 4873 KILXYCLES 
Baronet«r 76*00 cm,, Temperatur* 27°C, 



SPARK-OVER VOLTAGE 

GAP LENGTH (Peak Volts, corrected) 

(Millimeters) Not irradiated Irradiated 



23.10 


14250 


13600 


If 


14350 


13700 


ft 


13800 


13700 


ft 


14500 


13200 


n 


15000 


13300 


19*20 


12250 


12700 


ft 


12700 


12700 


If 


13900 


12700 


ft 


13900 


12700 


tl 


14100 


12700 


9.70 


11200 


10600 


If 


11400 


10500 


fl 


10700 


10600 


fl 


11500 


10600 


ft 


11300 


10600 


4.85 


7300 


7900 


N 


7700 


8100 


n 


7800 


8200 


ft 


8200 


8200 


n 


8200 


8200 


2.15 


4260 


4700 


H 


4260 


5030 


ft 


4230 


5630 


fl 


4430 


5750 


fl 


4300 


5800 


If 


5640 


5870 


ft 


5830 


5800 
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TFSTS ON ROD GAP AT 8015 KILOCYCLES 
Barometer 76.04 cm,, Temperature 26°C 



SPARK-OVER VOLTAGE 

GAP LENGTH (Peak Volts, corrected) 

(Millimeters) Not Irradiated Irradiated 



11.65 


12100 


11200 


91 


12100 


11500 


ft 


12600 


11500 


If 


12600 


11500 


91 


12600 


11500 


9,55 


10300 


10500 


ft 


12000 


10500 


t1 


12200 


10700 


« 


11200 


10500 




11500 


10500 




8400 


8700 


tf 


8600 


8600 


n 


8600 


8500 


It 


8700 


8400 


ft 


8800 


8400 


2^85 


6900 


6600 


If 


7100 


6700 


If 


7700 


6500 


99 


7900 


6700 


tl 


7800 


6700 


1.63 


3300 


4500 


n 


3750 


4600 


n 


4000 


4700 


If 


4300 


5000 


99 


4600 


5000 
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CALIBRATION OF VACUUM -TOBE VOLTMETER 



Cylindrical Capacitance C s 0,632 yu- yU' 



Frequency 


Capacitance 

Current 


Calculated 


(Kllocyclee ) 


(Milliamperes) Peak Volts 


2760 


37.0 


4760 


n 


24.5 


3160 


f? 


30.5 


3930 


11 


36.5 


4700 


2482 


26.4 


3770 


ti 


34.8 


4980 


ir 


42.2 


6030 


It 


45.2 


6460 


ft 


52.5 


7510 


m 


53.5 


7650 


If 


49.2 


7030 


Cylindrical 


Capacitance C 


r 0.885 JUJU F. 


2482 


56,4 


5750 


tf 


69.5 


7090 


IT 


71,8 


7320 


If 


74.0 


7550 


ft 


44.3 


4520 


n 


36,5 


3720 


n 


27,5 


2800 


ti 


47.2 


4810 


Cylindrical Capacitance C 


z 0.434 ^ yUJ 


2185 


24.5 


5800 


TI 


28.2 


6680 


n 


56.2 


8580 


ft 


44.4 


10530 


If 


U.4 


10530 


If 


50.5 


12000 


n 


51.0 


12100 


n 


59.8 


14200 


If 


65.0 


15400 


n 


69.4 


16400 


If 


75,2 


17800 


ft 


36,5 


8650 


fi 


32.5 


7700 


5089 


59.5 


6070 



Voltmeter 

Reading 

1.20 

0.80 

0.99 

1,99 

0.95 

1.26 

1.54 

1.64 

1.88 

1.90 

1.75 



1.44 

1.75 

1.82 

1,88 

1.14 

0,95 

0.72 

1,19 



1.42 

1,60 

2,07 

2.55 

1.00 

1.15 

1.18 

1.36 

1.48 

1.57 

1,72 

0.81 

0.72 

1.50 
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CAUBRATION OF VACUUM-TUBE VOLTMETER 
(Cent •<!) 



Cylindrical Capacitanca C - l,760//(yLtF, 



Frequency 


Capacitance 

Current 


Calculated 


(Kilocycles) 


(Milliampores) 


Peak Volts 


308 


27.0 


11200 


It 


24.0 


9960 


H 


24.5 


10170 


n 


24.5 


10170 


n 


24.0 


9960 


If 


19.0 


7880 


ti 


31.5 


13100 


ft 


36.5 


15100 


1? 


20.0 


8300 


n 


38.2 


15800 


n 


42.3 


17500 


ft 


45.2 


13700 


If 


31.0 


12900 


n 


46.0 


19100 


n 


46.2 


19150 


ft 


46.8 


19400 


n 


46.4 


19200 


It 


46.2 


19150 


ft 


46.0 


19100 


M 


43.5 


18000 


W 


42.6 


17700 


fl 


41,4 


17200 


If 


39.8 


16500 


ff 


38.5 


16000 


500 


33.0. 


8450 


It 


39.0 


9980 


It 


33.8 


8650 


If 


40.7 


10400 


ff 


22.8 


5840 


fl 


38.6 


9880 


It 


44.4 


11350 


II 


49.8 


12750 


ff 


55.2 


14100 


fl 


59,7 


15280 


n 


63.4 


16200 



Voltmeter 

Reading 

2.66 

2 . 4'0 

2.44 
0.96 
2.42 
1.S8 
1.22 
1.43 
2.00 
1.50 
1,67 
1.78 
1.20 
1.83 
1.81 
1.84 
1.83 
1.81 
1.80 
1.73 
1.69 
1.64 
1.57 
1.52 

2.07 

2.45 

2.10 

2.53 

1.45 
0.94 

1.08 
1.22 
1.35 
1.48 

1.54 
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CAI IBHATION 0? VACUDJ1-TU3E VOLTMETER 
(Cont'd) 

Cylindrical Capacitance C 5 l,760^UyU- F« 



Frequency 


Capacitance 

Current 


Calculated 


Voltmeter 


(Klloc3^cles) 


(Milliaraperes) 


Peak Volts 


Reading 


900 


49.0 


6950 


1.70 


ft 


65.0 


9220 


2.25 


tt 


32.0 


4540 


1.10 


ti 


32.7 


4640 


1.13 


n 


39.0 


5530 


1.35 


If 


74.7 


10600 


2.62 


M 


74.4 


10540 


2.60 


If 


74.0 


104S0 


1.01 


It 


52.2 


7400 


1.80 


2000 


67.0 


4280 


1.05 


ft 


73.0 


4660 


1.14 
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DIRECT-CURRENT CALIBRATION OF THERMOCOUPLE 

Wtstern Electric Co, Thermocouple No, 21136 
rated 5 dims, 75 milliamperes , connected to 
General Electric Co, microammeter No. 1112211 



Heater Cusrrent 
(Milliamperes) 

20.76 
28,93 
35.42 
42.63 
43.51 
53.30 
59.61 
65.35 

70.77 
74.72 
53.47 
37.53 
25.10 
15.70 
67.80 
64.10 



Meter Reading 
(e-3 scale) 

0.145 

0.280 

0.410 

0.590 

0.730 

0.855 

1.016 

1.170 

1.317 

1.420 

0.867 

0.470 

0.226 

0.100 

1.243 

1.142 
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